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The number of small-scale businesses within most national economies is generally high, especially in
developing countries. Often these businesses have a weak economic status and limited environmental
awareness. The type and amount of waste produced, and the recycling methods adopted by these busi-
nesses during their operation can have negative effects on the environment. This study investigated the
types of waste generated and the recycling methods adopted in micro-sized enterprises engaged in the
manufacture of furniture. An assessment was also made of whether the characteristics of the enterprise
had any effect on the waste recycling methods that were practised. A survey was conducted of 31 enter-
prises in the furniture industry in Gumushane province, Turkey, which is considered a developing econ-
omy. Surveys were undertaken via face-to-face interviews. It was found that medium-density ﬁbreboard
(MDF), and to a lesser extent, chipboard, were used in the manufacture of furniture, and two major types
of waste in the form of ﬁne dust and small fragments of board are generated during the cutting of these
boards. Of the resulting composite board waste, 96.9% was used for heating homes and workplaces,
where it was burnt under conditions of incomplete combustion. Enterprises were found to have adopted
other methods to utilise their wastes in addition to using them as fuel. Such enterprises include those
operating from a basement or ﬁrst ﬂoor of a building in the cities, those continuing production through-
out the year, those in need for capital and those enterprises not operating a dust-collection system.
 2014 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).1. Introduction
Waste wood can be a potentially valuable resource for the man-
ufacture of various materials and products (Lykidis and Grigoriou,
2008). The type and volume of wastes generated during the man-
ufacture of forest products have changed over time depending on
various factors. One of these factors is the reduction in the amount
of wood resources available. One example is the change in the past
and present utilisation of bark, a by-product of the forest-products
industry. The economic value of bark is much lower than that of
wood, both quantitatively and qualitatively. Therefore, it has been
considered a worthless by-product of the forest-products industry,
and has mostly been given away or sold at a low price (Lu et al.,
2006). Today, bark can be used as a medium-layer material in
board production (Pedieu et al., 2008) and as a raw material in
insulation board production (Kain et al., 2012). Ilomäki and
Melanen (2001) reported that small and medium-sized enterprises
(SMEs) in Finland, which is rich in forest resources, have shownless effort in reducing material losses compared to the country’s
metal industry.
One of the factors affecting the utilisation of industrial wood
waste is the environmental pollution caused by fossil fuels and
the regulations imposed to control such emissions (De Hoop
et al., 1997). At a time when fossil fuels were much cheaper than
wood, wood waste was destroyed by burning. The increase in fossil
fuel prices and the environmental pollution caused by their use has
resulted in the use of wood for generating energy (Hahn, 1982).
The effects of legal regulations on wood waste management can
be seen in the management of MDF waste. In Tennessee, where
it is a legal requirement for MDF residues to be disposed of in a
landﬁll, the number of landﬁll sites has diminished and burial costs
have subsequently risen, resulting in efforts to demonstrate that
these wastes can be utilised to improve soil (EPA, 2011). Lippke
and Puettmann (2013) reported that in the forest-products indus-
try, in which biomass is generated as a by-product, it was prohib-
ited to burn wood wastes in boilers for heat production and it is
only relatively recent that fossil-fuel boilers have been converted
into renewable biomass-burning boilers.
Another change in the management of industrial wood wastes
is the reduction in the amounts of waste generated. In commercial
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cess from cutting a tree to delivering it to the end consumer as a
product has been reduced. Those parts of felled trees that are
unsuitable for lumber and plywood production are used in paper
production. Wastes generated during lumber and plywood produc-
tion are used in the production of composite panels, whereas bark
is used to generate energy by burning (Hahn, 1982). Blatner et al.
(2012) reported that by-products generated as a result of lumber
production in the western United States fell from 59% to 51% in
the last 40 years, despite the decline in lumber volume.
Recycling of all industrial wood waste is theoretically possible,
but in practise there are factors that limit recycling practises. These
include waste collection and transportation, the scale of the busi-
ness, the industrial sector in which the company operates, the
amount and type of waste produced, environmental regulations
and the level of development within a particular country.
The presented study aimed to identify the types and utilisation
methods of solid waste generated by micro-enterprises operating
in the furniture industry in the province of Gumushane, Turkey.
This region is considered a developing economy by gross national
income per capita (The World Bank, 2014). The presented study
evaluates if certain properties of these businesses have any impact
on solid waste utilisation. For these purposes, the research ques-
tions were deﬁned as follows:
– What kind of solid wood wastes are generated in the micro-
sized enterprises?
– How are these wood wastes utilised by these enterprises?
– How does location in the province, sites in city, and operating
periods of the businesses affect the selection of waste utilisation
methods?
– How do problems faced by businesses affect the utilisation of
wood wastes?
– Are there any differences in the utilisation of wood wastes
between businesses with and without dust collection systems?
1.1. The forest-products industry and its waste materials
The forest-products industry uses wood as a raw material. This
industry includes lumber, furniture, paper and paper products,
pulp, and other wood industries (Pentti et al., 2002). It is usually
divided into two distinct industrial sectors. The ﬁrst is the primary
wood-products industry, which covers a wide range of operations
from lumber production to the manufacture of ﬁnished products
that are mostly or completely made of wood or composite wood
materials (Burton et al., 2003). The second is the value-added or
secondary forest-products industry, which manufactures products
by processing raw materials or semi-processed materials, and gen-
erally includes the production of pallets, light furniture, cabinets,
doors, and windows (Monroe et al., 1999).
A portion of the raw material becomes waste during the pro-
duction process (Gombatz, 2007). These wastes vary due to the dif-
ferences in raw materials that are involved in production, in the
actual production processes, and in the different ﬁnished products
in the primary and secondary wood-product industries. Wood
waste refers to materials that are unsuitable for the production
of wood products. They take different forms such as bark, small
chips, sawdust, wood edges, and low-quality wood rejected by
the manufacturing process (Burton et al., 2003). These wood
wastes can be classiﬁed into three types: bark, coarse, and ﬁne
waste. Bark waste consists of the bark on the exterior part of the
log. Coarse wastes include slabs, timber edges, and veneer cores
that are suitable for chipping. Fine wastes include by-products that
are not suitable for chipping, such as sawdust and veneer clippings
(Murphy et al., 2007).Wastes generated in primary and secondary wood-product fac-
tories are biomass resources (Skog and Rosen, 1997). The intended
use of this biomass can be divided into energy and non-energy
applications. The use of biomass for energy involves combustion
to meet the energy needs of homes and industrial enterprises.
Non-energy uses include the production of composite boards and
wood pulp, land reclamation, animal bedding materials, landscap-
ing, and agricultural mulch; the remainder is sent to landﬁlls
(MERAF, 2002; Murphy et al., 2007).
The large-scale use of sawdust and shavings is very problem-
atic. The geographical location of the waste resources and the mar-
kets that could use them limit the development of a signiﬁcant
market for these wastes. Long transport distances are generally
acceptable only for highly valuable products such as high-quality
wood ﬂour. Low-grade products can be used for agricultural appli-
cations. Timber shavings can be sold to markets close to where the
waste is generated (Harkin, 1969). Other reasons for the limited
use of wood waste are the lack of integration of the companies that
generate the waste and those that ultimately use it (Nemerow,
2006) and the long delays during waste collection, which can
degrade the quality of the waste (Nemli et al., 2007).
It is technologically possible for some factories to meet all of
their energy needs by burning the wood waste that they generate;
however, it may not be an economical investment (Carll et al.,
1982). In some cases, it may not be possible to use waste as a fuel
or in other beneﬁcial ways. In such circumstances, the only beneﬁt
of wood waste disposal by incineration is to reduce the volume of
the waste material (MERAF, 2002).
The type and quantity of emissions arising from burning wood
wastes depend on two main factors: the type of biomass (chemical
composition) and its physical properties, and the technology used
to burn the biomass (Suzdalenkol et al., 2012). Although there are
limited data regarding the exact emissions generated in the com-
bustion process, biomass is also an important source of particulate
emissions as well as combustion by-products. This is particularly
true when they are not incinerated correctly or under conditions
of incomplete combustion. The burning of wood wastes can cause
serious particulate matter emissions. Pollutants other than partic-
ulate pollutants, particularly carbon monoxide, manganese, and
organic compounds, can be released in large quantities under con-
ditions of incomplete combustion (Burton et al., 2003). The main
drawback of biomass burning is the large amount of emissions that
result from improper combustion compared to fossil fuel combus-
tion. This is especially true for the burning of biomass using
devices such as woodstoves, ovens, and wood boilers (Van Loo
and Koppejan, 2008). Therefore, to reduce emissions, wastes gener-
ated during the processing of engineering panels, such as MDF,
should be burned only in industrial locations rather than in con-
ventional home stoves, and at temperatures of about 1000 C
(URL 1, 2013).
1.2. The Turkish furniture industry and the quantity of wastes
generated
SMEs have an important role in the global economy. Although
their contribution varies from country to country, they globally
constitute 70% of domestic gross national product (O’Laoire and
Welford, 1996 cited in Ilomäki and Melanen (2001)). This type of
enterprise (with less than 200 employees) comprises 99% of all
businesses in the European Union and 85% of the gross national
product. They pollute the environment during their activities but
they are often not aware of their impact (Mitchell et al., 2011).
Redmond et al. (2008) determined that 39% of small businesses
(with 1–20 employees) believe they have no effect on the environ-
ment (Redmond et al., 2008). Only 24% of SMEs in the European
Union are engaged in activities to mitigate their effects on the
Fig. 1. Board production in Turkey between 1995 and 2009.
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(Aragón-Correa et al., 2008; Redmond et al., 2008) has been con-
ducted regarding the waste utilisation and environmental impact
of these enterprises. In studies on the waste disposal of small-scale
enterprises (Casares et al., 2005; Ilomäki and Melanen, 2001;
Mitchell et al., 2011; Redmond et al., 2008), enterprises operating
across various sectors, rather than a single sector, were
investigated.
The furniture industry in Turkey consists of micro-scale enter-
prises engaged in workshop-type production using mostly tradi-
tional methods. However, the number of small enterprises, as
well as medium-sized and large enterprises, has increased rapidly
in the last 15–20 years (Kades, 2012). The total number of enter-
prises engaged in furniture production in different employment
size classes in Turkey is given in Table 1. It can be seen that
96.5% of all enterprises engaged in furniture production are
micro-sized enterprises that employ 1–9 people. The ofﬁcial num-
ber of businesses operating in the furniture sector in Turkey is
35,053, and this number makes up about 2% of all industries. How-
ever, there are also unregistered businesses operating in the furni-
ture industry, and therefore this ﬁgure is not exact. The proportion
of businesses that are unregistered is estimated to be between 50%
and 60% (Anonym, 2006).
Wood and composite products of wood, including particle-
board, plywood, and MDF (Güneri, 2005) are widely used in the
manufacture of products used inside buildings such as furniture,
ﬂooring, doors, and cabinets. In particular, particleboard and MDF
are widely used in the manufacture of furniture. United Nations
data on plywood, ﬁbreboard, and particleboard production in Tur-
key are given in Fig. 1 (URL, 2). The total numbers of boards pro-
duced have increased over time. Furthermore, while the
production of particleboard has decreased in recent years, ﬁbre-
board production has increased.
Industrial waste is the waste resulting from production across
many industrial sub-sectors (Casares et al., 2005; Christensen,
2010). Furniture manufacturing is one of these sub-sectors. Wastes
are generated during both the production and processing of the
composite boards used in furniture production. The Turkish Statis-
tical Institute (TSI) deﬁnes waste in the wood product industry as
‘‘loss that occurs during the felling of trees, processing, and trans-
port of timber’’. According to TSI data, during the manufacture of
furniture in 2004, 149,265,000 m3 of solid waste, 140,000 m3 of
which was hazardous waste, was generated by manufacturing
industry establishments with 50 or more employees (TUIK,
2005). However, wastes generated by micro-sized enterprises are
not included in these statistics.1.3. Legal background of waste management in Turkey
The accession process of Turkey to the European Union (EU) as a
full member has had an impact on making laws related with waste
management and environment. Until 2005, only three by-laws on
waste management have been forced in law. After launching acces-
sion negotiations between EU and Turkey, already 13 regulations
have been put into practice until present (URL, 3). One of the EUTable 1
Number of local units and employment size classes in Turkey.
Sectors Employment size classes
1–9 10–49
Number of local units
All sectors 1,788,835 58,521
Furniture manufacturing 33,852 1052acquis, that includes 35 chapters, is the environment. In order to
meet legal environmental requirements, it is estimated that Turkey
needs to invest approximately € 60 billion (Kose et al., 2007).
With the technical and ﬁnancial projects supported by the EU,
regulations in Turkey have substantially been harmonised with
the EU waste management directives. However, the lack of existing
infrastructure and institutional and technical capacity hinder their
implementation (Kose et al., 2007). Furthermore, Agan et al. (2013)
reported that enforcement of current environmental laws is impos-
sible due to high numbers of SMEs in Turkey and existing confu-
sion among legal institutions regarding responsibilities.
According to Turkey’s climate change strategy 2010–2020, the
percentage of renewable energy usage in electricity production
will be increased to 30% until 2023. Biodegradable wastes will be
directed to be used for energy and compost production (The
Ministry of Environment and Urban Planning, 2012). The Kyoto
Protocol has been signed in 2009, and Turkey was removed from
the Annex II list in 2001 (Wikipedia, 2014). But Turkey has not
committed to any greenhouse gas (GHG) emission reduction so
far (Baykan, 2011).2. Materials and methods
2.1. Materials
In this study, micro-sized enterprises (with 1–9 employees)
operating in the furniture manufacturing sector in Gumushane
province, one of the 81 provinces of Turkey, were selected for
investigation. The furniture-manufacturing industry is classiﬁed
as a sub-section of the manufacturing sector and is coded as Sec-
tion 36 within the Statistical Classiﬁcation of Economic Activities
in the European Community. According to TSI data, there are 33
enterprises in Gumushane that fall under Section 36 coding. The
number of enterprises engaged in the production of furniture in
the province of Gumushane corresponds to 4% of all of the manu-
facturing industry in the province. In addition, 47% of provincial
manufacturing sector businesses are micro-sized enterprises, 48%
are small enterprises, and 5% are medium-sized enterprises
(Anonym, 2012). All businesses operating in the furniture-manu-
facturing industry in the province of Gumushane are micro-sized
(Top et al., 2013).Total
50–150 151–250 251+
7407 1577 1851 1,858,191
107 25 17 35,053
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A face-to-face interviewmethod (Arıkan, 2011) was used to col-
lect data. The questionnaire has been applied to the SME owner–
manager, and its questions were prepared as open-ended, multiple
choice, or with two options (yes–no). In addition, a ﬁeld study was
initiated to survey each business selected. However, it was not pos-
sible to visit some businesses for various reasons (e.g., not all
addresses could be identiﬁed in the records of the Gumushane
and Kelkit Chamber of Commerce), while other non-registered
businesses were identiﬁed following information obtained from
the businesses that were interviewed. As a result, the ﬁnal number
of completed questionnaires was 31. As conﬁrmed by the 2002
General Industry and Business Census conducted by the TSI, 93%
of the businesses that make up the main segment of the furniture
manufacturing sector were reached (TUIK, 2002). The research was
conducted between the years 2012 and 2013.
The data obtained were arranged into a cross table using a soft-
ware, Statistical Package for Social Sciences (SPSS). However, cor-
relations among categorical variables in the table could not be
made because more than 20% of the expected frequency values
in cells were below ﬁve and the expected frequency of any given
cell was less than one.3. Results and discussion
3.1. Properties of the businesses
To understand the facilities and capacities of the micro-sized
businesses selected better, various types of data on each business
were collected. Statistical values of employment, the educational
background of employees, and the period of operation are given
in Table 2.
The mean number of employees per enterprise in the furniture-
manufacturing industry in Gumushane province was less than 3.4,
which is the mean value across Turkey. The mean number of years
of operation of these businesses was less than 34, which is the
mean value across Turkey (Fırat, 2013). Although there are many
vocational schools in Turkey that provide education related to fur-
niture manufacturing, as well as institutions that grant degrees in
furniture manufacturing, the employment rate of graduates in this
sector is low (Aksu and Koc, 2009). Only 13.2% of vocational school
graduates are employed in this sector. However, the employment
rate of graduates from non-vocational educational institutions
employed in this sector is 68.4%. It can be concluded from this that
the majority of employees in the sector do not have an in-depth
knowledge of the physical and chemical properties of wood or
wood composites.
In a study conducted in an industrial zone comprising SMEs, it
was concluded that the environmental responsibilities of compa-
nies are usually limited and directly proportional to the scale of
the company (Casares et al., 2005). Ilomäki and Melanen (2001)
demonstrated that small businesses, most of which were micro-Table 2
Number and educational background of employees, and the period of operation for
the businesses selected.
N Sum Mean
Employees 31 76 2.45
Years of operation 31 624 20.13
Graduated from primary school 12 13 1.08
Graduated from secondary school 12 17 1.42
Graduated from high school 12 22 1.83
Graduated from vocational schools 6 10 1.67
Graduated from university 11 14 1.27sized businesses, had very little interest in environmental protec-
tion. In Europe, SMEs include businesses with less than 250
employees and an annual turnover of a maximum of € 40 million,
whereas micro-sized businesses are those with less than 10
employees and an annual turnover of less than € 2 million
(Anonym, 2003). Given this deﬁnition and the studies referred to
here, it is understandable that the micro-sized businesses in
Gumushane have few or no environmental concerns.3.2. Types of waste and methods for their utilisation
Fig. 2 shows the typical waste generated by a company that pro-
duces furniture in Gumushane. The waste produced during the cut-
ting of boards is in the form of ﬁne dust, while those generated
during drilling and milling operations have a less dense structure.
As seen in Fig. 2, some businesses collect the wastes in a mixed
manner without sorting them at source.
Some businesses collect their wastes in the form of sawdust
using vacuum systems, such as that shown in Fig. 3.
Fig. 4 shows waste in the form of small pieces of board gener-
ated after cutting MDF and particleboards. These pieces, which
are too small to be used in the manufacture of furniture, are left
after cutting out the sections needed. This type of wood waste
can be used to make new boards (Lykidis and Grigoriou, 2008).
Two major types of solid waste are generated during the pro-
cessing of boards in the manufacture of furniture: sawdust and
small pieces of boards. Half of the enterprises investigated in this
study utilised a system to collect dust. However, businesses usually
do not do so diligently. The most important reason for this is the
lack of available space and tools for collection (Fig. 2). Casares
et al. (2005) reported that speciﬁc technologies are required to col-
lect bulky wastes such as paper, cardboard, plastic, and wood.
The methods adopted to utilise wastes generated during the
production of furniture were determined and are shown in Fig. 5.
Wastes are basically utilised in three different ways. Individual
businesses usually prefer to adopt only one of these different
methods. Only one company stated that it utilises its wastes in
two different ways.
A very large proportion (96.9%) of the wastes generated in fur-
niture-manufacturing businesses in Gumushane province was
found to be utilised as fuel in workplaces and homes. This is not
surprising, given that half of the world’s wood is consumed as ﬁre-
wood, and wood is still the primary energy source for the vast
majority of the world’s population (Sutton, 1993; Risbrudt,
2012). In many developing countries, wood and charcoal are the
primary fuels used by people to prepare food and they are also
important fuels for SMEs (Zerbe, 2004).
The primary condition for the use of wood as an environmen-
tally sustainable fuel is that it burns completely and efﬁciently.Fig. 2. Wastes generated during the processing of MDF and particleboard in
furniture manufacturing.
Fig. 3. Collection of dust generated during the cutting of wood by suction using a
vacuum system.
Fig. 4. Small pieces of board left over after the cutting of larger boards.
6.3
3.1
0.0
0 20 40 60 80
Used in facility as fuel
Sold as residential fuel
Given away as bedding
Sold to industry
Utilisation (%)
90.6
Fig. 5. Methods adopted to utilise wastes.
Fig. 6. An example of a stove used for the incineration of waste in Gumushane.
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pletely to avoid the formation of environmentally undesirable
components (Vos, 2005). In combustion tests using composite
wood materials, Tatàno et al. (2009) reported high emissions of
carbon monoxide as a result of incomplete combustion, as well
as nitrogen oxide emissions, which can lead to the formation of
acid rain. Therefore, composite board wastes should be fully
burned in special furnaces and at high temperatures (1000 C)
(URL 1, 2013).
The use of wastes generated during the manufacture of furni-
ture as a source of heat in houses was found to be low. Kumar
(2011) reported that the residents of cities burn solid waste to pro-
duce heat and may go to sawmills to collect sawdust.
In this study, it was found that only 3.1% of the waste produced
was used as bedding. However, Top et al. (2013) reported that
20.8% of timber-industry wastes in the same province were used
as bedding. This large difference may arise from the quality and
quantity of furniture-industry wastes, which differ from those pro-
duced in the timber industry. In addition, waste from the timber
industry does not contain any artiﬁcial chemicals.
Waste particles generated during the manufacture of furniture
can be re-used in the production of particleboard. Garay (2012)
established that 30% of the raw materials used in particleboard
plants in Chile is wood waste generated by other industries, andthus businesses can earn higher proﬁts by utilising this waste.
However, in Gumushane, wastes are not typically sold to other
businesses for other uses. There are two reasons for this: (1) busi-
nesses are micro-sized so the amount of waste produced is low,
and (2) there is no business engaged in the manufacture of boards
close to Gumushane.
Similarly, particles generated during the manufacture of furni-
ture can also be used in the production of MDF. Fibres contained
in the waste particles can be recycled using microwave technology
(Harrison, 2012). In addition, end-use wood panels can also be re-
used in the manufacture of MDF (Mantanis et al., 2004). In a study
in an industrial zone comprising SMEs, 27% of all wastes, including
glass, metal, and wood, were shown to be re-used in manufactur-
ing industries. However, industrial sectors were not separated
(Casares et al., 2005). It has also been shown that MDF wastes
can be utilised to improve agricultural soil (EPA, 2011). However,
no such use was identiﬁed in our study sample.
Basic stoves, such as those shown in Fig. 6, are used to burn
wastes. These stoves are not considered suitable for burning com-
posite board wastes because they create conditions that lead to
incomplete combustion. It is important to have suitable combus-
tion conditions during the incineration of particleboards. Incom-
plete combustion can result in the formation of toxic
components (Risholm-Sundman and Vestin, 2005, cited in Lykidis
and Grigoriou (2008)). Because these stoves are used in Gumush-
ane to burn waste, the waste produced in the region is likely to
be burnt under conditions of incomplete combustion.
3.3. Effects of certain business properties on the methods adopted to
utilise wastes
The businesses selected for this study operated in the city cen-
tre and the counties of Gumushane province. The waste utilisation
by the businesses in different locations is given in Table 3. Regard-
less of whether a business operated in the city centre or in a rural
area, utilisation of waste materials was similar, with the majority
of wood waste used as a fuel.
Micro-sized furniture manufacturing enterprises are located in
different types of sites (e.g., ground ﬂoor of a building, etc.). The
relationship between site of operation and the method of waste
utilisation is given in Table 4.
Local businesses operating from the lower ﬂoors of buildings
utilised their waste in three different ways. These businesses used
80% of their wood waste as fuel, a high rate. Businesses operating
on industrial sites are close to each other, allowing them to make
Table 3
Waste utilisation by businesses in different locations.
Location of business
City centre Kelkit Siran Other counties
Used in facility as fuel Number 6 17 4 2
% Within column 85.7% 100.0% 100.0% 50.0%
Sold as residential fuel Number 1 0 0 1
% Within column 14.3% 0.0% 0.0% 25.0%
Given away as bedding Number 0 0 0 1
% Within column 0.0% 0.0% 0.0% 25.0%
Total 7 17 4 4
Table 4
Waste utilisation by businesses operating from different sites.
Site where a business operates Total
Ground ﬂoor Industrial site Detached land
Used in facility as fuel Number 3 24 2 29
% Within column 60.0% 96.0% 100.0%
Sold as residential fuel Number 1 1 0 2
% Within column 20.0% 4.0% 0.0%
Given away as bedding Number 1 0 0 1
% Within column 20.0% 0.0% 0.0%
Total Number 5 25 2 32
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wastes between businesses); however, this was not happening in
Gumushane. Almost all (24 out of 25) of the businesses operating
in an industrial site burned their wood waste to generate heat.
The relationship between waste utilisation and the period of busi-
ness operation is given in Table 5.
The furniture industry is linked to the construction sector
(Cındık and Akyüz, 1998; Top et al., 2013). In Gumushane, due to
climatic conditions, building construction is suspended in winter.
Therefore, some furniture manufacturing businesses suspend their
activities due to insufﬁcient demand. All businesses that operate
seasonally burn their waste to meet their own fuel needs. In those
that operate throughout the year, surplus waste is sold for use as
residential fuel and bedding. Thus, there is some variability in
the utilisation of surplus waste.
Operational problems faced by enterprises can inﬂuence their
waste utilisation. For example, a business is expected to choose
the most cost effective method to dispose of their waste. The rela-
tionship between the methods used for waste and the operational
problems faced by businesses are given in Table 6.
Utilisation of by-products in the forest-products industry has
developed in response to various operational problems that have
been experienced (Hahn, 1982; Ilomäki and Melanen, 2001; Lu
et al., 2006). Therefore, in the present study, it was expected thatTable 5
Waste utilisation by businesses operating for different periods of time.
Used in facility as fuel Number
% Within column
Sold as residential fuel Number
% Within column
Given away as bedding Number
% Within columnthe operational problems experienced by the businesses under
investigation would also inﬂuence the methods adopted to utilise
waste materials; however, the results did not support this assump-
tion. Only 1 of 23 businesses that stated that they were short of
capital utilised their waste by selling it rather than using it to meet
their own fuel needs.
The relationship between businesses with waste-collection sys-
tems and their waste utilisation methods is given in Table 7. All of
the businesses with a system for collecting the ﬁne dust that is
generated during cutting declared that they used their waste for
meeting their own fuel needs, while 18.8% of businesses without
these systems reported that they sold the waste for use as fuel or
bedding.
The operating systems and machines owned by businesses may
indicate their capital structure and status. Enterprises with sys-
tems for collecting the ﬁne dust generated during the cutting of
boards are likely to be in a better position in terms of capital than
businesses without such systems. Businesses that do not have such
systems utilise their waste in various ways. The results of this
study indicate that the operational problems experienced by a
business do not inﬂuence their utilisation of waste materials.
When these two results are considered together, businesses facing
economic problems are likely to be making effort to utilise their
wastes in a more cost effective way.Operating period of businesses Total
Seasonal Annual
17 12 29
100.0% 80.0%
0 2 2
0.0% 13.3%
0 1 1
0.0% 6.7%
Table 6
Waste utilisation by businesses facing different operational problems.
Problems faced by the business Total
Capital Raw material Workforce Demand Other
Used in facility as fuel Number 21 6 14 15 7 63
%Within column 91.3% 100.0% 100.0% 100.0% 87.5%
Sold as residential fuel Number 1 0 0 0 1 2
% Within column 4.3% 0.0% 0.0% 0.0% 12.5%
Given away as bedding Number 1 0 0 0 0 1
% Within column 4.3% 0.0% 0.0% 0.0% 0.0%
Total 23 6 14 15 8 66
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Daian and Ozarska (2009) have analysed the wood waste man-
agement practices and strategies in the Australian wood furniture
manufacturing sector. There, trading of wood waste is completely
organised among wood waste producing manufacturers and those
recycling these wastes. Wood waste producers cover the expenses
for transport, acceptance and the handling of material. This recov-
ered wood is then mainly used in the production of mulch, fuel,
salvaged timber, animal bedding, and ﬁbreboard. But some regula-
tions have been made for the use of wood waste in above men-
tioned areas. Waste, which is contaminated with more than 5%
of chemical or organic pollutants, may not be used in compost pro-
duction. Composting engineered wood products is possible; how-
ever, several special treatments need to be conducted. For
example, even smallest MDF pieces, which are intended for use
in animal products, need to be cleansed of glue as well as any kind
of pollutant used in treated softwood products. Primary and sec-
ondary wood wastes can be used for ﬁbreboard production, how-
ever their utilisation rate is limited. In Australia, the use of wood
wastes in the bioenergy sector is still at the developmental stage,
including only pilot experiments yet.
Germany, as a member of the European Union (EU), has har-
monised its wood waste management laws to those of the EU.
The goals in waste management have been deﬁned as follows:
(i) to hamper and (ii) to reduce waste production, (iii) to reuse
or recycle and (iv) eliminate waste. In this regard, elimination
has to occur by thermal processing, since land burial is prohibited
(Peek, 2004).
Wood wastes have been clustered into four subgroups based on
the degree of their contaminations. Furniture wastes are grouped
into category II, which allows further use in (i) ﬁbreboards produc-
tion, (ii) synthetic gas production for other chemical use and (iii)
the production of industrial charcoal. The production of synthetic
gas and active coal is only permitted in registered facilities (Peek,
2004).
In Europe, wood wastes are examined by the waste disposal
units ﬁrst. Based on the contamination rate, these units eitherTable 7
Utilisation of waste materials in businesses with and without dust-collection systems.
Used in facility as fuel Number
% Within column
Sold as residential fuel Number
% Within column
Given away as bedding Number
% Within column
Totalpay (contamination is low) or charge (contamination is high) a cer-
tain amount of money and operate their business. Later the col-
lected wastes are sold to wood waste processing industries again
(Daian and Ozarska, 2009).
A study analysing the wood waste recourses in Michigan,
United States, revealed that the waste processing businesses are
generally small, family-owned and employ 6 people (mean).
Approximately 12% of these businesses, charge between 10 $
and 25 $ per ton waste displacement, depending on the type of
material. Some of these businesses pay wage for certain wood
wastes. As a result of wood waste processing, wood chips, mulch,
industrial fuel, ﬁrewood, compost, logs and sawn products are
obtained (Pascal, 2009). Another research in Michigan reported
that 6% of United States energy has come from renewable sources
(e.g., biomass, hydroelectric power, geothermal, solar and wind).
Biomass energy surpassed hydroelectric to supply 2.8% of
national energy needs in 2005. 83% of biomass energy derived
from wood residue. During 1970s, pollution generated by emis-
sions from industry and other pollutants prompted the attempts
to regulate the quality of energy production. ‘‘The Clean Air Act’’
established mandated quality level for the pollutants in 1970 and
the Interagency Council on Biomass Products and Bioenergy in
1999 (Simpkins, 2006).
In Michigan there is increased demand for wood residues and
many sawmills already use their residues for their own energy
needs. Pellet manufacturing, animal bedding and landscaping sup-
pliers have also increased demand on wood residues. As a conse-
quence of this trend, residue generated by the wood sector is no
longer a free unwanted waste that nobody wants (Simpkins,
2006). Because of their relatively low moisture and high energy
content, the production of plywood and particleboard generates
cutting wastes that are attractive fuels for energy producers
(EUBIONET, 2003).
Michigan landﬁlls do not accept wood fragments under 4 feet in
length and 2 in. in diameter, but in practice this limitation is not
strictly enforced. Most states have legislated a surcharge on waste
to landﬁlls in order to encourage diversion, reuse, and recycling
(Simpkins, 2006).Dust-collection system Total
No Yes
13 16 29
81.3% 100.0%
2 0 2
12.5% 0.0%
1 0 1
6.3% 0.0%
16 16 32
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The manufacturing industry is one of the solid waste resources
in Turkey as in other developing countries. Around 17,497 thou-
sand tonnes of solid waste were generated in 2004. In the same
year 149,265 thousand m3 of solid waste, 140 thousand m3 of
which were hazardous, were generated by the furniture industry,
a sub-sector of the manufacturing industry. There are infrastruc-
tural and technical capacity issues in management of those solid
wastes created by the manufacturing industry in accordance with
by-laws and requirements on waste management.
The Turkish furniture-manufacturing sector is a labour-inten-
sive industry, in which micro-sized enterprises are predominant.
The mean number of employees and period of operation of the
enterprises in Gumushane were found to be lower than the mean
values for Turkey as a whole. These micro-sized enterprises are
important in terms of job creation in places where there is rela-
tively little capital available, such as Turkey, which is a developing
country with little capital accumulation. However, the percentage
of the workforce that has received vocational training in furniture
manufacturing is low, which is an obstacle to the utilisation of
waste materials in a variety of ways. Waste management practices
in SMEs in EU or other developed countries can serve as precedent
for SMEs in developing countries. (Ackroyd et al., 2003; Redmond
et al., 2008; Daian and Ozarska, 2009; Laner and Rechberger, 2009).
The number of systems used to collect the wastes generated
during conversion of materials is inadequate, including those for
the collection of ﬁne dust. In addition, the wastes generated in
one process are not collected together, or separated according to
their properties. Another important observation is that the wastes
generated at the sites investigated were not disposed in landﬁlls or
by incineration in open conditions.
Composite board wastes are used to heat the workplace by
burning them under conditions of incomplete combustion, using
stoves that are insufﬁcient for effective incineration. Very few busi-
nesses choose to utilise their wastes other than using them for
their own needs. These businesses either sell wastes to provide
for the energy needs of others or give them away as bedding. It
was found that wood waste is primarily used for energy purposes,
consistent with the results of previous studies. Waste materials
from the furniture industry contain urea or melamine formalde-
hyde, and therefore must be incinerated by complete combustion
in a special furnace at high temperatures. However, this was not
observed in the study area. Waste was burnt using inappropriate
devices under inappropriate conditions. The amount of waste gen-
erated in these businesses and incinerated under inadequate con-
ditions is low; however, there are large numbers of such
businesses and it is evident that the total emissions generated by
them as a whole has a signiﬁcant negative impact on the
environment.
There are reports of re-utilisation of composite board waste in
the manufacture of boards and the safe agricultural utilisation of
dust generated during the cutting of boards. However, in this
study, the utilisation of wastes for board production and agricul-
tural purposes was not identiﬁed.
The relationship between the methods used to utilise waste in
the furniture industry and certain properties of the businesses
can be summarised as follows: enterprises that operate from the
basement or ﬁrst ﬂoor of buildings in cities, those that continue
production throughout the year, those in need of capital, and those
that do not have dust-collection systems utilise their waste in
three different ways: as fuel in the facility, as residential fuel,
and as bedding for animals. In contrast, enterprises without these
characteristics utilise their waste only as fuel. The proportion of
waste used as fuel is also higher than that of the other utilisation
methods in the enterprises that utilise the three different methods.The quantity and type of waste generated by micro-sized enter-
prises should also be included in annual waste statistics. Actual
waste data that include businesses of all sizes will facilitate an
understanding of the importance of the potential for waste utilisa-
tion and waste management. More importantly, the by-laws
related with waste management in Turkey must be put into prac-
tice. Combustion of wood waste with improper equipments have
to be prevented as well.
The waste generated by the wood products industry repre-
sents one of the biomass resources and the energy generated
from this resource is clean and renewable. In this regard, the
enhanced reutilisation of the wood waste generated in furniture
manufacturing enterprises for the production of electricity is sig-
niﬁcant since Turkey imported 78% of its energy needs and sup-
plied 87% of its energy from fossil fuels in 2004, respectively
(Erdogdu, 2008). Each generated energy unit from biomass will
reduces the GHG emission and the amount of imported energy
in Turkey.
Studies which reveal the economical and environmental poten-
tial from recycling and aiming to remove existing barriers in waste
recovery will help to develop proper policies.References
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